Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/DK04/000829 
International filing date: 29 November 2004 (29.11.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: DK 

Number: PA 2003 01768 

Filing date: 28 November 2003 (28.11.2003) 



Date of receipt at the International Bureau: 05 January 2005 (05.01.2005) 

Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



PCT/DK 2004/000829 





Kongeriget Danmark 



Patent application No.: PA 2003 01768 

Date of filing: 28 November 2003 

Applicant: RECCAT ApS 

(Name and address) Dr. Neergaards Vej 5B 

DK-2970 Horsholm 

Denmark 



Title: Method for treatment of a fluid quantity including chemical reacting 
means such as combustible materials and a catalytic device 

IPC: - 



This is to certify that the attached documents are exact copies of the 




Patent- og Varem/erkestyrelsen 



28. NOV. 2003 16:41 ADVOKATGRUPPEN/PATENTGRUPP EH M odt{ MU036 P. 4~ — tJ/B 

2 8 NOV. 2003 
, PVS 

METHOD FOR TREATMENT OF A FLUID QUANTITY INCLUDING CHEMICAL REACTING 
MEANS SUCH AS COMBUSTIBLE MATERIALS AND A CATALYTIC DEVICE 

5 Background of the invention 

The invention relates to a method for treatment of a fluid quantity including chemical 
reacting means such as combustible materials and a catalytic device according to the 
preamble of claims 17 and 70. 

Most of the known catalysts for cleaning of exhaust gasses from internal combustion 
engines contain no internal heat exchange. This means that the maximum 
temperature in the catalyst depends on the inlet temperature in said catalyst. If the 
unbumed gas components by combustion e.g. can increase the temperature in the 
catalyst by 200°C an inlet temperature of 3O0°C will result in a maximum 
temperature of 5G0°C 5 an inlet temperature of 400°C will result in a maximum 
temperature of 6O0°C, etc. However, an inlet temperature of 200°C does not 
necessarily result in a maximum temperature of 400°C as the temperature at that time 
is too low for the reactions to take place and the catalyst will be wholly or partly 
inactive. 

However, catalysts with internal heat exchange have been suggested in previous 
patent documents such as US patent no. 6,207 J 16. The US patent discloses a 
catalyst comprising a zig-zag folded metal plate coated with catalytic material. The 
folded plate is positioned in a container. The container comprises an inlet and outlet 
for gas in which the gas enters the container through the inlet. Hereafter the gas is 
directed along one side of the metal plate and subsequently returned along the other 
side before leaving the catalyst through the outlet. A heat exchange may take place 
from one side to the other side of the metal plate during the flow of the gas e.g. the 
30 returning gas heats the gas which has just entered the catalyst However, the heat 
exchange is not enough to achieve satisfying and stabile temperature conditions 
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inside the catalyst in the heating-up periods and thus, the catalyst comprises 
temperature regulating means in opposite ends of the container. The means may for 
example be electric coils connected to an electric power supply positioned outside 
fee catalyst with the disadvantage of the electric energy use. Further, the connection 
5 for the electric coils is a significant disadvantage due to the price, complexity and 
vulnerability of the coils and the connections. 

An object of the invention is to establish a catalytic device without the above- 
mentioned disadvantage, and especially a catalytic device with preferred and stabile 
10 temperature conditions but without the use of externally supplied energy for 
temperature regulation means. 

A further object of the invention is to establish a self-regulating catalytic device in 
order to obtain a very specific and constant maximum temperature. 

15 

An even further object of the invention is to establish a catalytic device with 
improved initial self-regulating capabilities. 

20 The invention 

The invention relates to a catalytic device in which said device further comprises 
means for controlling the temperature in one or more of said passage sections. 

r 

25 Hereby are disadvantages in catalysts of the prior art avoided. 

In an aspect of the invention, said means for controlling the temperature includes 
positioning of said passage sections in order to form at least one internal heat 
exchanger with mutual heat exchange between the sections. 

30 
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In an aspect of the invention, said catalytic device comprises at least three passage 
sections. 

In an aspect of the invention, said catalytic device comprises four passage sections. 

5 

In an aspect of the invention, said fourth passage section is the last outlet passage 
section surrounding the previous passage sections. 

In an aspect of the invention, said device comprises a container including said inlet 
10 said passage sections and said outlet. 

In an aspect of the invention, at least one turning chamber between two of said 
passage sections comprises a connection to the exhaust pipe section controlled by at 
least one valve. 

15 

In an aspect of the invention, each of said at least one valve comprises a closing 
member and temperature dependent connection means connecting said closing 
member and an anchoring point 

20 In an aspect of the invention, said temperature dependent connection means is a 
spring made in bimetal or a similar temperature dependent material. 

In an aspect of the invention, said temperature dependent connection means partly or 
totally is positioned in the outlet pipe such as the outlet passage sections, valve pipe 
25 section, exhaust pipe section or the outlet pipe section. 

In an aspect of the invention, said outlet pipe comprises a valve pipe section 
including at least one valve, an outlet pipe section connected to the outlet passage 
section, in which both pipe sections are connected to an exhaust pipe section. 

30 
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In an aspect of tho invention, said temperature dependent connection means partly or 
totally is positioned in proximity of the connection between said pipe sections or in 
the exhaust pipe section. 

5 In an aspect of the invention, said device includes temperature-measuring means 
measuring the temperature inside one or more of said passage sections, one or more 
turning chambers and/or said inlet. 

In an aspect of the invention, valve control means (34) controls the position of said at 
10 least one valve on the basis of temperature values from said temperature-measuring 
means. 

The invention also relates to a method for treatment of a fluid quantity including 
chemical reacting means such as combustible materials above a certain minimum 
1 5 quantity in a catalytic device, said method comprises the steps of 

entering said fluid quantity into the catalytic device through an inlet, 

directing said fluid quantity through at least three passage sections of said catalytic 
20 device in which at least one section includes catalytic material of one or more kinds 
in which the catalytic material reacts with and/or enhances the reactions of said 
combustible materials, 

heating or cooling said fluid quantity in said at least three passage sections by 
25 internal heat exchange in said catalytic device between said sections, and 

emitting the treated fluid quantity from the catalytic device through an outlet. 

Hereby are disadvantages in catalysts of the prior art avoided. 

' 30 
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Further, by the invention is it obtained that the maximum temperature in the catalytic 
device is always nearly constant whatever the inlet temperature, but assuming a 
certain minimum inlet temperature and minimum amount of combustible material. 
Hereby, the catalytic device can be designed to work at a very specific temperature, 
as an example at 600°C, by which it is possible, partly to ensure a better and safer 
burnout of the unbumed components, and partly to save expenses for catalytic 
materials as a catalyst that is designed for a certain temperature can be made from 
materials that are less expensive than the materials for a catalyst that has to work 
over a large temperature range. 

The method can be used for cleaning of any fluid such as every gas, air or liquid 
quantity comprising chemical reacting means such as combustible materials above a 
certain minimum quantity. 

15 It shall be emphasised that the term "catalytic material" should be understood as 
material that reacts with die combustible materials and/or enhances the reaction of 
the combustible materials e.g. speeds up the process without reacting with the 
combustible materials as such. 

20 In an aspect of the invention, a main reaction passage section heat exchanges with a 
main heat transfer passage section, and where the main reaction passage section heat 
exchanges with one or more preceding inlet passage sections and/or one or more 
succeeding outlet passage sections. Hereby it is possible to heat up the whole 
catalytic device rather quickly. 

25 

In a further aspect of the invention, the fluid quantity is directed through the 
succeeding passage sections in counterflow, Hereby it is possible to achieve a high 
maximum temperature with a relatively low inlet temperature. 

30 In another aspect of the invention, further combustible material is added directly or 
indirectly to the catalytic device, Hereby it is possible even with small amounts of 
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additional fiiel to raise the temperature in order to make the catalytic device more 
stable and to save device material e,g. the device can be made smaller and still be 
effective. 

5 The invention fitrther relates to a catalytic device in which said container comprises 
at least three passage sections being mutually connected, 

where at least one section of said passage sections includes catalytic material of one 
or more kinds, and 

10 

where the positioning of said passage sections forms at least one internal heat 
exchanger with mutual heat exchange between the sections. 

The catalytic device can be used for cleaning of any fluid such as every gas, air or 
1 S liquid quantity comprising chemical reacting means such as combustible materials 
above a certain minimum quantity. The invention will possibly also be of use within 
the fuel cell technology and in chemical industry where exothermal or endothermal 
reactions take place. 

20 Further, the catalyst can be designed to work at a very specific temperature, by which 
it is possible, partly to ensure a better and safer burnout of the unburned components, 
and partly to save expenses for catalytic materials. 

In an aspect of the invention, said catalytic device comprises three passage sections. 
25 Hereby is achieved an advantageous relation between price and size and the 
efficiency of the device. 

In a further aspect of the invention, said one or more inlet passage sections is 
positioned above, alongside or outside said main reaction passage section e.g. by 
30 surrounding said section, Hereby is achieved an advantageous preheating of the inlet 
fluid before entering the reaction passage section. 
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In another aspect of the invention, said one or more outlet passage sections is 
positioned above, alongside or outside said main reaction passage section e.g. by 
surrounding said section. Hereby it is possible to preheat the fluid in some of the 
main reaction passage section by the outlet passage section fluid. 



In another aspect of the invention, said main reaction passage section is positioned 
above, alongside or outside said main heat transfer passage section e.g. by 
surrounding said section. Hereby it is possible to achieve a preferred and 
1 0 advantageous embodiment of the invention. 

In another aspect of the invention, at least one of said at least three passage sections, 
such as said main heat transfer passage section, comprises one or more substantially 
parallel pipes. 

In another aspect of the invention, said main heat transfer passage section is 
integrated as a number of pipes in said main reaction passage section. Hereby is 
achieved a very compact device with an enhanced heat exchange between the 
sections. 

In another aspect of the invention, said number of pipes is between 20 and 5000 
pipes and preferably between 50 and 1000 pipes. Hereby is achieved a preferred and 
enhanced heat exchange between the sections. 

25 In another aspect of the invention, said pipes form symmetrical patterns such as 
triangular, quadrangular or similar patterns or random patterns. Hereby is achieved a 
preferred relation between heat exchange and flow resistance. 

In another aspect of the invention, said pipes is surrounded by catalytic material 
30 deposited on one or more carrier means. By surrounding the pipes is achieved a 
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prefened and homogenised heat exchange from the section passage comprising 
carrier material to the pipes. 

In another aspect of the invention, said pipes comprise a circular, an oval, a 
5 triangular, a four-sided or any similar regular or irregular cross sectional shape. By 
the shape is achieved a preferred relation between the shape, flow resistance and 
production price. 

in a further aspect of the invention, at least one of said three passage sections, such 
10 as said main heat transfer passage section (5), comprises one or more lamellar plates. 

In a further aspect of the invention, said one or more lamellar plates form non- 
circular canals e.g. with a cross sectional shape formed by triangles, four sided 
shapes, combinations hereof or similar shapes. 



15 



In a further aspect of the invention, indentations in the surface of said one or more 
lamellar plates form longitudinal or diagonal patterns. 

In a further aspect of the invention, said catalytic material is deposited on one or 
20 more carrier means in at least one of said at least three passage sections. Depositing 
the material on earner means enhanced flexibility as the shape and surface of the 
carrier means may be designed to the relevant application e.g. in order to achieve 
large surface, low pressure drop, high heat transfer, small sized catalytic device or 
the like. Further, it is possible to fit the surface area and pressure drop through the 
25 device for the application in question. 

In a further aspect of the invention, said one or more carrier means are made in 
metal, ceramic, glass or other heat resistant materials as well as combinations of the 
mentioned materials. Hereby is established material that may tolerate the high 
30 temperatures of the catalytic device in longer periods without sustaining cracks or 
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iupturing. Further, it is possible to find the exact best fit material for the application 
in question, 

In a further aspect of the invention, said one or more carrier means include at least 
5 one shape such as spherical, cylindrical or quadrangular shapes as well as saddle, 
ring, regular or irregular shapes. Hereby it is possible to fit the surface area and 
pressure drop through the device for the application in question. 

In a farther aspect of the invention, said one or more carrier means include a number 
10 of regular or irregular balls in layers across one of said passage sections, each layer 
being positioned perpendicularly between two adjacent pipes, and each of said layers 
comprising 2 to 6 balls, such as 2 to 4 and preferably between 2 and 3. Hereby it is 
possible to achieve a low pressure drop through the device* 

15 In a further aspect of the invention, said one or more carrier means include monoliths 
or fibres. Hereby it is possible to achieve a large surface without creating large 
pressure drops through the sections. 

In a further aspect of the invention, said fibres, deposit with said catalytic material 
20 form a tangled bundle of fibres partly or totally filling one or more of said passage 
sections. Hereby it is possible to create price efficient catalytic material with a very 
large surface. Further, the material is easily filled into the section passage. 

In a further aspect of the invention, said monoliths or fibres, deposit with said 
25 catalytic material form longitudinal monoliths or fibres inside one or more of said 
passage sections. Hereby it is possible to reduce the pressure drop through the device 
because of the orientation of the monoliths or fibres. 

In an even further aspect of the invention, said main reaction passage section of said 
30 at least three passage sections comprises one or more kinds of said catalytic material 
deposit on said carrier means. 
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In an even further aspect of the invention, said one or more inlet and/or outlet 
passage sections of said at least three passage sections comprises one or more kinds 
of said catalytic material deposit on said carrier means. 

In an even further aspect of the invention, one or more of said at least three passage 
sections comprise combined carrier means including wall flow filters, fibres, balls 
and/or monoliths e.g. 1/3 passage section as wall flow filters and the rest of the 
section as fibres, balls or monoliths. 

In an even further aspect of the invention, said combined carrier means are 
positioned in continuation of each other through one or more of said at least three 
passages. Hereby it is possible to establish enhanced devices with the advantages of 
all the types of carrier means. 



In an even further aspect of the invention, said catalytic material includes metal or 
metal alloys from the Platinum metal group such as Platinum (Pt), Palladium (PI), 
Rhodium (Rh) or combinations hereof. Hereby it is possible to create catalytic 
devices with optimal cleaning abilities for fluids such as exhaust gases from internal 
20 combustion engines. 

In an even further aspect of the invention, said catalytic material includes metal 
oxides such as Gold (Au), Platinum (Pt), Silver (Ag), Aluminium (Al), Lead (Pb), 
Zircoiuum (Zr), Copper (Cu), Cobalt (Co), Nickel (Ni), Iron (Fe), Cerium (Ce), 
25 Chrome (Cr), Tin (Sn), Manganese (Mn) and Rhodium (Rh) Oxides or combinations 
hereof. The use of metal oxides as catalytic material makes it possible to create more 
price efficient catalytic devices. 

In an even further aspect of the invention, said catalytic material includes 
30 combinations of metal or metal alloys from the Platinum metal group and metal 
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oxides. Hereby it is possible to optimise the perfonnance and characteristics of the 
catalytic material by using the advantages of both material types. 

In an even further aspect of the invention, said main reaction passage section heat 
5 exchanges with said main heat transfer passage section of said at least three passage 
sections. 

In an even further aspect of the invention, said main reaction passage section heat 
exchanges with said main heat transfer passage section in counterflow, 

10 

In an even further aspect of the invention, said main reaction passage section heat 
exchanges with said one or more previous inlet and/or succeeding outlet passage 
sections. 

15 In an even further aspect of the invention, said main reaction passage section heat 
exchanges with said one or more inlet passage sections in counterflow. 

In an even further aspect of the invention, said main reaction passage section heat 
exchanges with said one or more outlet passage sections in concurrent flow. 

20 

In an even further aspect of the invention, said device comprises at least one layer of 
insulation between said at least three passage sections. Hereby, it is possible to 
reduce or control the heat exchange between the passage sections. 

25 In an even further aspect of the invention, said at least one layer of insulation is 
positioned between said main reaction passage section and said one or more inlet 
passage sections- Hereby, it is possible to reduce or control the heat exchange 
between the fluid flows in preferred passage sections. 

30 In an even further aspect of the invention, the cross-sectional area of said main 
reaction passage section is between 0.5 and 100 times, such as between 10 and 25 
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times, preferably about 20 times, the cross-sectional area of said main heat transfer 
passage section and/or said inlet or outlet passage sections are between 0.5 and 100 
times, the cross-sectional area of said main heat transfer passage section. Hereby is 
achieved an advantageous relation between the passage sections. 

5 

It shall be emphasised that the cross sectional areas are all the flow areas of the 
sections e.g. the areas of all the pipes in the main heat transfer passage sections, 

In an even further aspect of the invention, the cross-sectional area of the main heat 
10 transfer passage section is between 0.5 and 10 times, such as 1.5 to 2.5 times, 
preferably about 2 times, the cross-sectional area of the inlet of the catalytic device, 
said inlet pipe being the exhaust pipe for the connected internal combustion engine. 
Hereby is achieved an advantageous embodiment of the invention. 

15 In an even further aspect of the invention, at least one of said passage sections 
comprises one or more wall flow filters with numerous porous walls allowing fluid 
quantity to penetrate through the walls. Hereby is achieved an advantageous 
embodiment of the invention. 

20 In an even further aspect of the invention, further combustion material is added to the 
device, e.g. through a fttel line to the fuel tank arid the fuel supplying means, or 
through adding further combustion material to the fluid quantity. Hereby it is 
possible to control and optimize the process of the catalytic device e.g. by raising the 
temperature inside the device. 

25 

The different aspects of the invention make the catalytic device and especially the 
heat exchange more efficient the slower the chemical reactions in the catalyst are, 
and vice versa. Therefore, the catalytic device will, by itself, set itself for the right 
temperature so that all reactions precisely can be completed in the catalytic device. 

30 
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Figures 



The invention will be described in the following with reference to the figures in 
which 

5 

fig l illustrates an application including a catalytic device according to the 

invention, 

fig 2 illustrates a catalytic device with a longitudinal section with two 

10 passages, 

fig. 3 illustrates a preferred embodiment of the catalytic device according 

to the invention, 

! 5 fig . 4 illustrates a sectional view through the catalytic device of fig- 3 or 5, 

fig. 5 illustrates another preferred embodiment of the catalytic device 

according to the invention, 

20 fig. 6a and 6b illustrate examples of temperature curves for 1he embodiments of the 

catalytic device in fig. 3 and 5, 

figs. 7a and 7b illustrates a further preferred embodiment of the catalytic device 

according to the invention, 

25 

fig. 8 illustrates a sectional view of an even further preferred embodiment 

of the catalytic device according to the invention, 

fig. 9 illustrates a passage section with and without a corrugated shape, 

30 
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fig. 10 illustrates a special embodiment in which wall flows filters arc 

integrated into the catalytic device according to the invention, 

fig. 1 1 illustrates a sectional view of a passage section including a number 

5 of carrier means in shape of longitudinal fibres deposited with 

catalytic material, 

fig, 12 illustrates a sectional view of passage sections including a number of 

regular or irregular shaped carrier means deposited with catalytic 
10 material, 

fig. 13 illustrates a sectional view of a passage section comprising a 

longitudinal monolith structure, 

15 fig. 14 illustrates a sectional view of a passage section comprising a 

structure with wall flow filters and other carrier means, 

fig. 15 illustrates schematically an embodiment of the catalytic device 

including different characterizing data of the device, 

20 

fig* 16 illustrates a further application including a catalytic device according 

to the invention, 

fig. 17 illustrates a flow diagram of a preferred embodiment of the 

25 invention, 

fig. 18 illustrates a first preferred embodiment of the catalytic device with 

temperature valve control means, 

30 fig. 1 9 illustrates schematically the first preferred embodiment of fig. 18, 
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fig. 20 illustrates schematically the embodiment with the temperature valve 

confcol means positioned differently, 



fig. 21 illustrates a preferred embodiment of the temperature valve control 

5 means, 

fig. 22 illustrates the integration of the temperature valve control means in 

an embodiment of the catalytic device, 

10 fig. 23 illustrates temperature measurement and subsequent control of the 

valve in an embodiment, and 

fig. 24 illustrates a fltrther preferred embodiment of the catalytic device, 



IS 

Detailed description 

Fig, 1 illustrates schematically an application including a catalytic device according 
to the invention. 

20 

The application includes combustion and fuel supplying means SI, S2 in which the 
fbel supplying means SI supplies a combustible fuel to the combustion means S2. 
After die combustion at the combustion means, any exhaust gas of the combustion is 
directed to a catalytic device with internal heat exchange. The catalytic device with 
25 internal heat exchange may also be named a recuperative catalytic device. 

The catalytic device can among other things be used for vehicles with an internal 
combustion engine such as an engine fuelled by petrol, diesel, natural gas, bottled 
gas or any similar fuels. The combustion engine S2 is supplied with fuel from a fuel 
" 30 tank or container by the help of a fuel pump S 1 pumping the fuel. 
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Further uses of the catalytic device may be in connection with stationary engines 
such as combustion engines at power plants, e.g. combined heat and power plants, 
using petrol, diesel, natural or bottled gas or any similar fuels. 

5 The exhaust gases of the combustion means include a certain amount of unburned 
gas components that can be converted in the catalytic device. The catalytic device 
can be designed to convert unburned hydrocarbon (UHC), carbon monoxide (CO), 
nitric oxides (NO*) and/or particles from combustion engines. 

10 A further use of the device may be in the chemical industry. Whenever an 
exothermal process needs external heating before the process to make the process 
effective the device according to the invention may be used to save energy in this 
process, e.g, in fuel conversion processes. 

15 Another vse of the device may be in connection with fUel cell technology. At any 
exotheimal process in the fuel cells or in connection with the fuel cells in which 
external heating is needed before the process the device according to the invention 
may be used for implicit internal control of the temperature. 

20 Fig. 2 illustrates a longitudinal section of a catalyst 1 . From the inlet 2 the gases pass 
into the first passage 3 with catalytic materials 4 (illustrated as hatched areas) in 
which the gases react at the same time as they heat exchange with the last passage 5 
through the exchange surface 6 before the outlet chamber 7 and the outlet 8. 

25 The inlet and/or the outlet may be connected to one or more further passage sections 
in order to establish at least three passage sections. 

The maximum temperature may be obtained in the turning chamber 9 in which the 
gases turn form the first passage section 3 to the second passage section 5. The 
30 temperature in the turning chamber 9 will be the temperature of the gases when these 
have completed reacting in the passage section 3. If the temperature inside the 
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passage section 3 is high, the gases will react in the beginning of this passage and the 
heat exchange between the gases in the second passage section 5 and in the first 
passage section 3 will be at a minimum. 

5 If the temperature inside the first passage section 3 is low, the gases will react near 
the outlet of flris passage section. The temperature difference between the gases in 
the second passage section 5 and in the passage section 3 will thus be big throughout 
the entire length of the heat exchanger and the heat exchange will be at a maximum 
by which the gases in the passage section 3 is heated by the gases in the passage 
1 0 section 5 in order to react at the end of the passage section 3 , 

The walls that are part of the passage sections and the heat exchanger are preferably 
made in materials with good heat conductivity such as metals or metal alloys e.g. 
steel or aluminium. 

15 

Fig. 3 illustrates a preferred embodiment of the catalytic device according to the 
invention where the gas from the inlet pipe 2 enters the container c comprising at 
least three passage sections forming a heat exchanger h. At the entrance, the gas 
meets the inlet chamber 10 after which it is distributed in the inlet passage section 1 1 

20 in the catalytic device L If the conditions for reaction arc met, the first reactions will 
start and maybe be finished in this passage section 1 1 after which the rest of the 
passage sections 3 and 5, the main reaction and the main heat transfer passage 
sections, will obtain the same maximum temperature. To the extent that the 
temperature inside the inlet chamber 10 is lower s the reaction of the gases will move 

25 to the main reaction passage section 3, and the rest of the catalytic device works 
hereafter as described above concerning fig. 2. 

The passage section is illustrated as four pipe positioned above each other. However, 
it shall be emphasised that the number of pipes usually are between 20 and 5000 and 
30 preferably between 50 and 1000 pipes. The pipes may be positioned randomly or in 
one or more patterns as will be further explained below e.g. in connection with fig. 4 r 
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The gas is guided through the catalytic device by the at least iftxee passage sections 
that have a mutual internal heat exchange. In the second passage, the main reaction 
passage section, there are catalytic materials 4 (illustrated with similar hatched areas 
5 as fig. 2) of one or more kinds, in which the gas can react, and in which the gases 
heat exchange with the succeeding main heat transfer passage section. Hereby is 
obtained an internal heat exchange placed in the catalytic device. This means that the 
catalytic device and the heat exchanger h are folly integrated. 

10 The outlet temperature of the gas may, according to the invention, still be the same as 
in a conventional catalyst. However, the internal heat exchange results in the 
temperature reaching a maximum preferably in the turning chamber between main 
reaction passage section and the main heat transfer passage section. The specific 
design makes the heat exchanger more efficient the slower the chemical reactions in 

15 the catalytic material are, and vice versa. Hereby, a nearly constant temperature is 
ensured and especially in the turning chamber between main reaction passage section 
and the main heat transfer passage section. The constant temperature may be higher 
than the outlet temperature for the catalytic device. 

20 If the chemical reactions are fast, the heat exchanger will almost be inactive as all 
reactions are completed in the first part of the catalytic material in the main reaction 
passage section. 

If the chemical reactions are slow, the heat exchanger will especially become active 
25 as the chemical reactions will take place in the last part of the catalytic material in 
the main reaction passage section. 

The catalytic device will, by itself, set itself for the right temperature so that all 
reactions precisely can be completed in the catalytic device, and the temperature will 
30 not increase further* The catalytic device is therefore self-regulating with an almost 
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constant maximum temperature in which the constant maximum temperature usually 
will occur in the turning chamber 9. 

Further, in this embodiment the inlet and the main heat transfer passage sections can 
5 be with or without catalytic material. 

Also in this embodiment, the catalytic device may comprise an insulating material 12 
between the inlet passage 11 and the main reaction passage section 3 in order to 
reduce or control the heat exchange between the gases in these passages. 

10 

The catalytic material can be of one or several kinds preferably from the Platinum 
metal group such as Platinum (Pt), Palladium (PI), Rhodium (Rh) or similar metals or 
metal alloys that are well-known by skilled persons within the area of oxidation 
catalytic material in catalytic devices. The different type of metals or metal alloys 
15 may be used together in a catalytic device e.g. Rhodium for nitrogen oxide reduction 
and Platinum and Palladium for carbon monoxide reduction, 

Further, catalytic material involving different types of metal oxides may be used. 
Examples of metal oxides are Aluminium (Al), Gold (Au), Silver (Ag), Lead (Pb), 
20 Zirconium (Zr), Copper (Cu), Cobalt (Co), Nickel (Ni), Iron (Fe), Cerium (Ce), 
Chrome (Cr), Tin (Sn), Manganese (Mn) and Rhodium (Rh) Oxides. 

Even further, a combination of different catalytic materials may be used such as 
metal and/ metal alloys together with one or more metal oxides as described above. 
25 The combination may be achieved by mixing the different materials or by 
positioning the different materials one after another in the catalytic device. 

The catalytic device may comprise more than three passage sections e.g. four or five 
sections in which more sections however involve a significant increase in the 
30 structural complexity of the device as well as tbe costs. In an embodiment the 
catalytic device comprises a last passage section, a second-last passage section and at 
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least two previous sections. The last and second-last and first passage sections 
correspond, respectively, to the main heat transfer, main reaction and the inlet 
passage section of the embodiment comprising three passages. The intermediate 
passage sections in the present embodiment may in construction correspond to any of 
5 the three passage sections e.g. comprising catalytic material or not. Further, any 
construction details in connection with the passage sections revealed above or below 
may be integrated in the intermediate passage sections. 

Fig. 4 illustrates a sectional view through the catalytic device of fig. 3 or fig, 5. It 
1 0 applies for these embodiments (and the embodiment of fig. 2) that outermost under 
the last layer of plates, an insulating layer 13 can be installed in order to reduce the 
heat loss to the surroundings. 

Further, the figure illustrates the inlet passage section 1 1 or the outlet passage section 
15 22 surrounding the main reaction and the heat transfer passage sections 3, 5> The 
main reaction passage section is illustrated as a pipe with a circular cross section in 
which the section comprises catalytic material 4 (illustrated with similar hatched 
areas as fig. 2) and the main heat transfer passage section 5. The main heat transfer 
passage 5 is illustrated as a few number of pipes positioned in different patterns. 
20 However, it shall be emphasised that the number of pipes preferably are between 50 
and 250 (as stated above) and that the illustrated pipes (on this and the previous 
figure) only are a section of the total number of pipes. The illustrated patterns include 
triangular, quadrangular or similar symmetrical patterns (illustrated with dotted/solid 
lines) in which one or combinations of more patterns may be used in a passage 
25 section of the catalytic device. The patterns may also be more or less random or 
freely positioned in the passage section of the catalytic device. 

The patterns of pipes and the hydraulic diameter between the pipes are preferably 
chosen in order to achieve a low pressure loss. 

30 
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The catalytic material may be deposit on the surface of ceramic, glass or metal fibres 
that form a tangled bundle of fibres or fibre wool (e.g. as illustrated in fig- 11). The 
tangled bundle of fibres or fibre wool may partly or totally fill the passage section 
but still allows the gas to flow through the passage section. Further, the catalytic 
5 material may be deposit on the surface of ceramic, glass or metal surfaces that form a 
longitudinal monolith structure (e.g. as illustrated in fig. 13). 

In a preferred embodiment of the invention the cross-sectional area of said main 
reaction passage section is between 0.5 and 100 times, such as between 10 and 25 
10 times, preferably about 20 times, the cross-sectional area of said main heat transfer 
passage section and/or said inlet or outlet passage sections are between 0.5 and 100 
times, the cross-sectional area of said main heat transfer passage section. 

Further, the cross-sectional area of the main heat transfer passage section is between 
15 0.5 and 10 times, such as 1.5 to 2,5 times, preferably about 2 times, the cross- 
sectional area of the inlet of the catalytic device, said inlet pipe being the exhaust 
pipe for the connected internal combustion engine. 

The catalyst is not necessarily cylindrical as shown on fig. 2 to 5 but may be any 
20 other shape depending on the requirements dictated by the application which the 
catalytic device is a part of. Examples of shapes may be spherical, quadrangular, 
corrugated or further shapes e.g. combinations of shapes or irregular shapes. 

Fig. 5 illustrates another preferred embodiment of the catalytic device according to 
25 the invention. 

At the inlet 2, the gas is distributed to enter the main reaction passage section 3. In 
this section 3 the reaction takes place and the maximum temperature is achieved in 
the succeeding turning chamber 9 in which the gases turn from the main reaction 
30 passage section 3 to the main heat transfer passage section 5. As in the previous 
embodiments the gases in the main heat transfer passage section S exchange heat to 
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the gases in the main reaction passage section 3 to heat up these gases. From main 
heat transfer passage section 5 the gases enter the second turning chamber 23 ftom 
which the gases enter the outlet passage section 22; Flowing in the outlet passage 
section (he gases further exchange heat to the inlet part of the main reaction passage 
5 section 3 and thus helping to increase the temperature level of the reaction in the 
passage section 3. The temperature controlling characteristic and many of the other 
characteristics, such as the number of pipes and pattern shapes, of this embodiment is 
the same as in the previous embodiment of fig. 3. 

10 Figs. 6a and 6b illustrate examples of temperature curves for the embodiments of the 
catalytic device in fig. 3 and 5. 

Fig, 6a illustrates a temperature curve for the catalytic device of fig. 3 in which the 
gas enters through the inlet 2 with a temperature T 0 . As the gas is directed through 

15 the inlet passage channel the gas in the succeeding main reaction passage section will 
preheat the gas to a temperature Ti at the turning chamber before the main reaction 
passage section. The gas is further preheated in the main reaction passage section by 
the counterflowing gas in the main heat transfer passage section* At the end of the 
main reaction passage section the combustible material of the gas reacts with the 

20 catalytic material and the temperature jumps to T 2 just before entrance to the main 
heat transfer passage section. The gas temperature drops as the gas flows through the 
main heat transfer passage section and ends with T 0 ut at the outlet of the catalytic 
device, 

25 Fig. 6b illustrates a temperature curve for the catalytic device of fig. 5 in which the 
gas enters through the inlet 2 with a temperature To- As the gas is directed through 
the main reaction passage section the gas will be preheated by gas in the succeeding 
main heat transfer and outlet passage sections. The outlet passage section will only 
add to the preheating until the gas in the main reaction passage section has reached 

30 the temperature of the outlet passage section. At the end of the main reaction passage 
section the combustible material in the gas reacts with the catalytic material and 
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courses a temperature jump, Jn the turning chamber between ihe main reaction and 
the main heat transfer passage section the temperature T\ is reached. The gas is 
counterflowing in the heat transfer passage section and transferring heat to the gas in 
the main reaction passage section and thus has the temperature dropped to T 2 at the 
5 entrance to the outlet passage section. 

Figs. 7a and 7b illustrate a further preferred embodiment of the catalytic device 
according to the invention. The catalytic device comprises a rather quadrangular 
shape. 

Fig. 7a illustrates the catalytic device (B - B sectional view) in which the inlet 
passage section 1 1 is divided into two outer parts positioned on top and on bottom of 
the second passage section, The main reaction passage section is partly or totally 
filled with carrier means such as tangled bundle of fibres or fibre wool deposited 
with catalytic material 4 (illustrated with a hatched area). Inside the main reaction 
passage section a number of aligned pipes of a main heat transfer passage section are 
positioned such as 7 aligned pipes. The pipes of the main heat transfer passage 
section are further spaced apart with the same distance in order to avoid gas pressure 
build up occurring in a part of the main reaction and the main heat transfer passage 
section. The main heat transfer passage sections comprise a quadrangular shape with 
rounded comers. It shall be emphasized that the number of aligned pipes may be 
changed to any advantageous number such as between 5 and 50 pipes. 

Fig. 7b illustrates the A - A sectional view of the catalytic device illustrated in fig. 
25 5a. The figure illustrates how the inlet passage section after the inlet 2 divides into 
the two separate parts of the inlet passage section 1 1 , Each parts of the inlet passage 
section 1 1 is connected to a main reaction passage section 3 that is directed along the 
inlet passage section \ 1 with a wall in common. As the gas will flow in opposite 
direction in the inlet and the main reaction passage section, respectively, it is possible 
30 to establish a heat exchange through the common wall. The main reaction passage 3 
ends in a common main heat transfer passage section 5 that once again directs the gas 
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in the opposite direction allowing the gas in the main reaction and the main heat 
transfer passage section 3 S 5 to heat exchange through a common wall 6. After 
passing through the main heat transfer passage section, the gas is directed to the 
outlet 8, 

5 

Fig, 8 illustrates a sectional view of an even further preferred embodiment of the 
catalytic device according to the invention. The catalytic device is cylindrical with a 
circular cross section. 

10 The circular cross section illustrates the outer inlet passage section 11 fully 
surrounding the main reaction and the main heat transfer passage sections 3, 5 in 
which the main heat transfer passage section is integrated into the second passage 
section. The mam heat transfer passage sections comprise rather ellipsis shaped cross 
sections in which the height of the sections is different for some of the main heat 

1 5 transfer passage sections. With the different sizes it is possible to fill out most of the 
second passage section with third passage sections. 

Fig. 9 illustrates a section or pipe of a passage section with a corrugated and a 
smooth surface shape. With the corrugated section shape it is possible to establish a 
20 larger surface but also with a larger pressure loss than the smooth surface shape* The 
size of the illustrated cross sections - width and/or height as well as the number and 
depth of the corrugations - may be varied in order to achieve preferred embodiments 
of the catalytic device according to the invention. 

25 Further, the corrugated and the non- corrugated section are illustrated with an angular 
or edged surface indicating that the sections are manufactured in one metal plate. The 
plate is bend into shape and subsequently joined together e.g. by welding. 

The passage section also comprises a number of indentations in the surface in which 
" 30 the indentations are illustrated as longitudinal and parallel in the direction of the 
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section. However, the indentations may also be diagonal in relation to the direction 
of the section and cross-layered from plate to plate. 

Fig. 10 illustrates a special embodiment in which a wall flows filter 14 is integrated 
5 into the catalytic device according to the invention. 

The wall flow filter 14 is integrated into the container c of the catalytic device 1 in 
the main reaction passage section. With the positioning of the wall flow filter, a 
number of common channels are established between the Altera that work as main 

10 heat transfer passage sections 5. The inlet passage section 1 1 is shown with a dotted 
line in order to illustrate that the section surrounds the rest of the sections. The inlet 
passage section is connected to the main reaction passage section 3 in which the 
section comprises the wall flow filter. The (numerous) common walls 16 between the 
inlet and outlet of the filters are porous allowing the gas 15 to penetrate from the 

15 inlet to the outlet. The common walls comprise catalytic material on the surface, 
integrated in the wall or a combination hereof allowing the gas to be purified in the 
passage of the filter. 

The filter is preferably a number of parallel pipes or the like establishing a triangular, 
20 chessboard (as illustrated in the figure) or honeycomb cross-section patterns as a type 
of monolith. The pipes are all closed in one end in which some pipes are closed in 
the opposite end of the end that the gas enters and the rest are closed in the end in 
which the gas enters. 

* 

25 The, heat exchange through the walls, porous or non-porous, ensures that heat is 
exchanged between the gas in the respective passage sections. 

Fig. 1 1 illustrates a sectional view of a passage section which includes a number of 
earner means in the shape of longitudinal fibres deposited with catalytic material, 

M 
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The figure illustrates that the main reaction passage section is filled with a large 
number of thin longitudinal fibers 17 as well as pipes 5 of the main heat transfer 
passage section* The fibers comprise catalytic material 4 on the surface where the gas 
flows by and reacts with catalytic material 4, 

5 

The magnified sectional view illustrates that the fibres still form a tangled bundle of 
fibres or fibre wool but are substantially extended in a longitudinal direction, With 
the preferred direction of the fibres it is possible to minimize the pressure loss 
through the passage section. The bundle of fibres may also extend in other directions 
1 0 or just freely but with a higher pressure loss as the gas flow will experience a higher 
flow resistance. 

In order to enhance the catalytic process, the deposit surface must be as large as 
possible. Especially with the use of fibres including catalytic material 4 on the outer 
15 surface it is possible to achieve large surfaces and a good heat transfer through the 
main reaction passage section toward the walls transferring the heat to other passage 
sections. 

Fig. 12 illustrates a sectional view of passage sections including a number of carrier 
20 means deposited with catalytic material . 

The carrier means arc illustrated as a number of regular or irregular balls 18 coated 
with catalytic material 4. The carrier means are positioned in layers (a layer L 
illustrated with dotted lines on the figure) across one of said passage sections, each of 
25 said layers comprises 2 to 6 balls, such as 2 to 4 and preferably 2 or 3 between 
adjacent pipes 5 . 

The carrier means may also be other shapes such as spherical, cylindrical or 
quadrangular shapes as well as saddle, ring or any further regular or irregular shapes, 
30 With the use of balls or other shapes it is possible to achieve large surfaces and a 
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good heat transfer through the main reaction passage section toward the walls 
transferring the heat to other passage sections. 

The canier means 18 are preferably made in metal, ceramic, glass or other heat 
5 resistant materials as well as combinations of the mentioned materials. 

Fig, 13 illustrates sectional view of a passage section comprising a longitudinal 
monolith structure- The structure comprises very thin pipes or walls positioned in a 
pattern such as a honeycomb pattern as illustrated, 

10 

The pipes of the main heat transfer passage section 5 are fully surrounded by the 
honeycomb structure of the main reaction passage section 3. 

Fig. 14 illustrates a sectional view of a passage section comprising a structure with 
15 wall flow filters and longitudinal fibres 20. It shall be emphasised that other types of 
carrier means such as the above mentioned may replace the fibres. 

The main reaction passage section is divided into two parts in which one part is filled 
with one or more wall flow filters (e.g. 1/3) and the oiher part with longitudinal 
20 fibers. The section may also be divided into further parts that may be filled by any 
preferred carrier means. 

Fig. 15 illustrates schematically an embodiment of the catalytic device including 
different characterizing data of the device. 

25 

The catalytic device comprises a length X and a height or diameter Y. Further, the 
device comprises a number of canier means, said means having a size D. 

In a first embodiment that preferably is used in an application involving a gas engine 
30 e.g. in connection with a combined power and heat plant, the plant may have a 
nominal electric effect of 30 kW. 
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The length X is approximately 1.0 meter and the height or diameter Y is 
approximately 0.3 meter. The UHC value (unbumed hydrocarbon) is between 3 and 
8 % of the firing rate to the engine. 

5 

An application with a gas engine may in a preferred embodiment include a catalytic 
device with at least 50 pipes in a passage section as illustrated in fig. 3 to 5 or 15. 
The diameter of the pipes is approximately 6 to 8 millimeters. 

10 In a second embodiment that preferably is used in an application involving a gas 
engine e.g. in connection with a combined power and heat plant, the plant may have 
a nominal electric effect of 500 kW. 

The length X is approximately 1.5 meter and me height or diameter Y is 
15 approximately 0.7 meter. The UHC value (unbumed hydrocarbon) is between 3 and 
8 % of the firing rate to the engine. 

An application with a gas engine may in a preferred embodiment include a catalytic 
device with at least 200 pipes in a passage section as illustrated in fig. 3 to 5 or 15. 
20 The diameter of the pipes is approximately 8 to 12 millimeters. 

In a third embodiment that preferably is used in an application involving an internal 
petrol fuelled combustion engine e.g. in connection with vehicles. 

25 The length X is approximately 0.2 to 0.4 meter and the height or diameter Y is 
approximately 0.2 meter. 

The UHC value (unbumed hydrocarbon) is between 0.5 and 5 % of the firing rate to 
the petrol combustion engine. The value can in a preferred embodiment be raised to 
30 approximately 5 to 10 % in order to achieve higher temperatures inside the catalytic 
device by burning further hydrocarbons inside the device. Higher temperatures in the 
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catalytic device mean that catalytic material is saved. Higher values than 10 % of the 
firing rate will affect the efficiency of the petrol combustion engine. 

An application with a petrol combustion engine may in a preferred embodiment 
5 include a catalytic device with at least 50 pipes in a passage section as illustrated in 
fig. 3 to 5 or 15. 

Li a fourth embodiment that preferably is used in an application involving internal 
diesel fuelled combustion engine e.g. in connection with vehicles. 

10 

The length X is approximately 1 meter and the height or diameter Y is approximately 
0.3 meter. 

The UHC value (untamed hydrocarbon) is normally between 0.5 and 3 % of the 
15 firing rate of the diesel combustion engine but can in a preferred embodiment be 
raised to appit>ximately 5 % in order to achieve higher temperatures inside the 
catalytic device by burning further hydrocarbons inside the device. 

Especially, in order to remove the ultra fine particles efficiently from the diesel 
20 exhaust gas, it is necessary to use catalytic material coated on very large surfaces 
such as the embodiment illustrated in fig. H or 14, 

It shall be emphasized that the above-mentioned embodiments are only examples of 
applications in which the catalytic device can be used. Further, the data of the 
25 embodiments are only examples of values that may be used in specific applications. 
In the applications and in other applications different data and values may also be 
used if found suitable. 

Fig, 16 illustrates a further application including a catalytic device according to the 
30 invention. 
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The application involves the means of fig. 1 in which a ftiel supply line S4 is added 
between the fuel supplying means and the catalytic device. The line is added in order 
to illustrate the possibility of raising the UHC value in the gas by supplying 
(unbumed) fuel to the catalytic device. The fuel may be delivered to the catalytic 
5 device and the entered gas by a separate valve or spout in the catalytic device, or 
simply by controlling the combustion process of the combustion engine allowing the 
exhaust gas to achieve a higher UHC value, 

The fuel supply line S4 may also deliver the extra foel to a position in between the 
1 0 fuel supplying means and the catalytic device. For example may the fuel be added to 
the exhaust gas just before entering the catalytic device e.g. by spraying the fuel into 
the exhaust gas. 

Fig. 17 illustrates a flow diagram of a preferred embodiment of the invention. 

15 

The flow diagram illustrates the treatment of the exhaust gas in which one or more 
temperatures of the catalytic device controls the flow path of the gas. 

The temperature or temperatures may be measured inside one or more of said 
20 passage sections, one or more turning chambers and/or said inlet The temperature is 

compared with a pre-established temperature threshold value. A temperature below a 

threshold value will establish a connection to the outlet of the catalytic device (e.g. 

through a valve as will be explained in the text below). Temperature below the 

temperature threshold value will usually occur in a short time period at tihe start-up of 
25 the catalytic device. The exhaust gas will during the period react with the catalytic 

material in the main reaction passage section and thus causing an increase in the 

temperature. 

The connection be will closed as a higher temperature than the threshold value is 
" 30 achieved and thus force the exhaust gas through the normal path of the catalytic 
device as will be explained in the text below. 
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Fig. 18 illustrates a first preferred embodiment of the catalytic device with 
temperature valve control means. 

5 The figure illustrates a catalytic device 1 corresponding to the device of fig. 2 in 
which the inlet 2 is positioned at one side of the device. From the inlet the exhau9t 
gas is initially directed through the first passage (the main reaction passage section 3) 
to the turning chamber 9. Normally the gas would turn and flow through the further 
passages but a temperature dependent valve control means 26 is open due to the 

10 lower initial temperature of the catalytic device. 

The surrounding temperature controls the condition of the temperature dependent 
valve control means 26. Temperatures below a threshold value will open the valve 
and a higher temperature will close it, 

15 

The gas will thus initially flow through a valve pipe section 27 including the valve 26 
and continue to the exterior via an exhaust pipe section 28. The temperature 
dependent valve control means 26 will subsequently close as the catalytic reaction in 
the main reaction passage section 3 quickly heats up the catalytic device. The gas 
20 will hereafter follow a normal path through the catalytic device e.g. as described in 
connection with the figs, 2 and 3. When the gas reaches the outlet chamber 7 it is 
transferred to an outlet pipe section 25 which directs the gas to the exhaust pipe 
section 28 in front of the now closed temperature dependent valve control means 26. 

25 Figs. 19 and 20 illustrate schematically preferred embodiments including a 
temperature dependent valve control means 26. 

Fig, 19 illustrates the temperature dependent valve control means 26 in a position 
corresponding to the illustrated in fig. 18- However, the catalytic device 1 as such 
30 may be any catalytic device e.g. one of the devices illustrated in the previous figures. 
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Fig. 20 illustrates schematically a catalytic device 1 with the temperature valve 
control means positioned differently. 

The figure illustrates how the temperature dependent valve control means 26 can be 
5 positioned in proximity of the outlet chamber 7 instead of the turning chamber 9 
(illustrated in fig. 19). 

As illustrated in figs. 19 and 20 the pipe sections are preferably connected to the 
catalytic device 1 at the turning chamber 9 and the outlet chamber 7, respectively, 
10 Other connection positions are also possible e.g. both connections being at different 
positions in the outlet chamber. However, the embodiments of the figures are 
preferred in order to achieve a functionality of the temperature dependent valve 
control means 26 in which the valve responds quickly to temperature changes. 

15 Fig. 21 illustrates a preferred embodiment of the temperature valve control means. 
The valve includes an anchoring point 30 and a closing member 31 for the valve 
control means which are mutually connected by temperature dependent connection 
means 29, The temperature dependent connection means 29 may be chosen between 
a number of different components comprising the characteristic of changing size at 

20 temperature exposure. 

The figure illustrates an example with the temperature dependent connection means 
29 as an internal and passive solution involving a helical formed spring or coil. The 
spring is preferably made in a bimetal that will contract at temperatures above a 
25 threshold value. 

The closing member 3 1 will be pulled closer to the anchoring point 30 at a rising 
temperature as the temperature dependent connection means 29 connects the two. 
The closing member 31 will be retracted to a position in which it closes the opening 
30 illustrated in figure at a temperature above the threshold value. 
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The functionality of the valve is: 

1) The valve 26 controls the flow through the catalytic device. When the valve 26 is 
open, the exhaust gas flows from the inlet through a fewer number of passage 

5 sections of the catalytic device and directly to the outlet pipe section. When the valve 
26 closes, the exhaust gas is forced down through the necessary or desired sections of 
the catalytic device. 

2) The valve 26 closes when the desired temperature in turning chamber 9 is 
10 achieved which preferably will mean when the catalytic device is working. 

3) The valve 26 can as mentioned above be controlled by a bimetal spring 29 that 
closes at a high temperature (a ramp closing over a temperature interval). The 
bimetal spring 29 is preferably placed so that it is kept warm by the exhaust gas 

1 5 flowing from the outlet pipe section 25 when the valve is closed. 

The temperature dependent connection means 29 may also be established by a partly 
external and active solution involving temperature measurements and electric power 
supply for the valve 26. 

20 

The valve 26 can be controlled by temperature measurements in the turning chamber 
9 and the valve closes when the temperature is above a pre-established temperature 
value* Measuring the temperature difference between the turning chamber 9 and the 
inlet or the inlet pipe 2 can also be used in controlling the valve 26. When the 
25 temperature in the turning chamber 9 exceeds the temperature in the inlet or the inlet 
pipe 2, the valve closes. 

The temperature signals are supplied to the electric power supply which establishes a 
power signal to the means controlling the valve e.g. magnetic means controlling the 
30 position of the closing member 31. 
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The valve opening may be the entrance to the valve pipe section 27 or an opening in 
the valve pipe section 27. Further, the valve opening and the temperature dependent 
valve control means 26 may be an integrated part of the catalytic device as will be 
explained in connection with fig. 21 . 

5 

Fig. 22 illustrates the integration of the temperature valve control means 26 in an 
embodiment of the catalytic device 1 . 

The turning chamber 9 is illustrated with an opening allowing gas to enter from the 
10 turning chamber 9 to the outlet passage section 22 and the outlet pipe 8. The 
temperature dependent valve control means 26 is positioned in the opening in order 
to control the accessibility between the turning chamber 9 and the outlet passage 
section 22. The opening defined by the chamber walls may comprise a metal lining 
or a similar material to establish an airtight closure between the walls and the closing 
15 member 31. 

Fig- 23 illustrates an embodiment in which the temperature probes 36 are positioned 
inside one or more of said passage sections, one or more turning chambers and/or 
said inlet. The probes are connected to temperature measuring means 33. The 
20 temperature measuring means 33 establishes control signals that control the valve 26 
through valve control means 34. The valve control means 34 may e.g. be the power 
supply of the valve. 

Fig, 24 illustrates a further preferred embodiment of the catalytic device. The figure 
25 illustrates an embodiment with a fourth passage surrounding the three passages e.g. 
the three passages of the catalytic device 1 illustrated in fig. 3. In the inlet passage 1 1 
a catalytic device for NOx~reduction can be placed. In the main reaction passage 
section 3 an oxidation of CO, unburned fuel, such as unbumed hydrocarbons, and 
possibly particles (PM) takes place. In the mam heat transfer passage section 5 a heat 
- 30 exchange with passage 3 takes place that increases the temperature to a maximum in 
9. In passage 22 an additional heat exchange with passage 11 takes place and 
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insulation can be eliminated or minimised as 22 protects against heat loss from the 
passage 1 1 and the passage 1 1 protects against heat loss from passages 3 and 5. The 
fourth passage is illustrated as a last of the outlet passage sections 22 in which the 
passage transfers the gas to the outlet pipe 8. 

5 

Generally, the outlet 8 or outlet pipe 8 should be understood as a term defining the 
outlet of the catalytic device e.g. including the pipe sections 25-28. 

Generally, the term "opening" in connection with the valve e.g. "the opening 35" 
1 0 should be understood as the opening that the valve opens or closes. 

The figures are not of dimensional accuracy, and all dimensions and materials must 
be determined for the actual use. 

15 The invention has been exemplified above with reference to specific examples. 
However, it should be understood that the invention is not limited to the particular 
examples described above but may be used in connection with a wide variety of 
applications. Further, it should be understood that especially the shapes of the 
catalytic device and especially the passage sections according to the invention may 

20 be designed in a multitude of varieties within the scope of the invention as specified 
in the claims. 
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List 





1. 


Catalytic device 


5 


2. 


Inlet or inlet pipe 




3. 


Main reaction passage section 




4. 


Catalytic material of one or more kinds 




5. 


Main heat transfer passage section 




6. 


Heat exchange surface 


10 


7. 


Outlet chamber 




8. 


Outlet pipe 




9. 


Turning chamber 




10, 


Inlet chamber 




11. 


One or more inlet passage sections 


15 


12. 


Inner layer of insulation 




13. 


Outer layer of insulating 




14. 


Wall flow filters 




15. 


Gas quantity 




16. 


Porous wall 


20 


17. 


Carrier means in the form of longitudinal monoliths or fibres 




18. 


Carrier means in the form of irregular spheres 




19. 


Longitudinal monolith structure 




20. 


Longitudinal fibre structure 




21. 


Wall flow filter 


25 


22. 


One or more outlet passage sections 




23. 


Second turning chamber 




24. 


Inlet distribution space 




25. 


Outlet pipe section 




26. 


Temperature dependent valve control means 


■ 30 


27. 


Valve pipe section 




28. 


Exhaust pipe section 
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29. Temperature dependent connection means 

30. Anchoring point for the valve control means 
31 Closing member for the valve control means 
32, Common passage chamber 

5 33. Temperature measuring means 

34. Valve control 

35. Opening 

36. Temperature probe 
al-a4. Flow items 

10 c. Container 

k Heat exchanger 

L. Layer of regular or irregular balls 

5 1 . Fuel supplying means e.g. fuel pump 

52. Combustion device e.g. combustion engine 
15 S3. Catalytic device 

S4. Fuel supply line 
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Claims 



1. Method for treatment of a fluid quantity including chemical reacting means 
5 such as combustible materials above a certain minimum quantity in a 

catalytic device, said method comprises the steps of 

entering said fluid quantity into the catalytic device through an inlet, 

10 controlling the temperature in one or more passage sections of said catalytic 

device, and 

emitting the treated fluid quantity from the catalytic device through an outlet, 

1 5 2. Method according to claim 1 wherein the temperature directly or indirectly 

controls the opened or closed position of at least one valve. 

3. Method according to claim 2 wherein said at least one valve controls the flow 
path of the fluid in the catalytic device. 

20 

4. Method according to claim 2 or 3 wherein said at least one valve opens or 
closes a connection between a main reaction passage section and the outlet as 
a result of the temperature. 

25 5, Method according to any of claims 2 to 4 wherein said at least one valve 

opens or closes in response to the temperature of the fluid flowing by 
temperature dependent connection means in said at least one valve. 

6. Method according to claim 5 wherein the fluid always flows through, by or in 
' 30 the proximity of the temperature dependent connection means. 
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7. Method according to any of claims 1 to 6 wherein a valve control signal is 
established by measuring the temperature inside one or more of said passage 
sections, one or more turning chambers and/or said inlet. 

5 8, Method according to claim 7 wherein the valve control signal is established 

on the basis of the temperature difference between one or more of said 
passage sections, one or more turning chambers and/or said inlet 

9. Method according to claim 7 or 8 wherein the valve control signal is 
1 0 established in relation to a predefined temperature threshold signal. 

10. Method according to any of claims 1 to 9 wherein said main reaction passage 
section heat exchanges with a main heat transfer passage section, and/or 
where the main reaction passage section heat exchanges with one or more 

15 preceding inlet passage sections and/or one or more succeeding outlet 

passage sections. 

11. Method according to any of claims 1 to 10 wherein the fluid quantity is 
directed through the succeeding passage sections in counterflow. 

20 

12. Method according to any of claims 1 to 11 wherein further combustible 
material is added directly or indirectly to the catalytic device. 

13. Method for treatment of a fluid quantity including chemical reacting means 
25 such as combustible materials above a certain minimum quantity in a 

catalytic device, said method comprises the steps of 

entering said fluid quantity into the catalytic device through an inlet, 



30 



directing said fluid quantity through at least three passage sections of said 
catalytic device in which at least one section includes catalytic material of 
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one or more kinds in which the catalytic material reacts with and/or enhances 
the reactions of said combustible materials, 

heating or cooling said fluid quantity in said at least three passage sections by 
5 internal heat exchange in said catalytic device between said sections, and 

emitting the treated fluid quantity from the catalytic device through an outlet, 

l 

14. Method according to claim 13 wherein a main reaction passage section heat 
10 exchanges with a main heat transfer passage section, and where the main 

reaction passage section heat exchanges with one or more preceding inlet 
passage sections and/or one or more succeeding outlet passage sections. 

15. Method according to claim 13 or 14 wherein the fluid quantity is directed 
1 5 through the succeeding passage sections in counterflow. 

16. Method according to any of claims 13 to IS wherein further combustible 
material is added directly or indirectly to the catalytic device. 

20 17. Catalytic device (I) for treatment of a fluid quantity including chemical 

reacting means such as combustible materials above a certain minimum 
quantity, said device comprising 

at least one inlet and outlet for said fluid quantity and at least two passage 
25 sections (3, 5, 1 1, 22) being mutually connected, and 

at least one section (3) of said passage sections (3, 5, 11, 22) includes 
catalytic material (4) of one or more kinds, 



30 



characterised in that 
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said device further comprises means for controlling the temperature in one or 
more of said passage sections (3, 5, 11, 22). 

18. Catalytic device (1) according to claim 17, characterised in 
5 that said means for controlling the temperature includes positioning of 

said passage sections (3, 5, 1 1, 22) in order to form at least one internal heat 
exchanger (h) with mutual heat exchange between the sections (3, 5, 1 1, 22). 

19. Catalytic device (1) according to claim 17 or 18, characterised 
10 in that said catalytic device comprises at least three passage sections 

(3, 5,11,22). 

20. Catalytic device (1) according to claim 19, characterised in 
that said catalytic device comprises three passage sections (3, 5, 1 1, 22). 

15 

21. Catalytic device (1) according to claim 19, characterised in 
that said catalytic device comprises four passage sections (3, 5, 1 1 , 22). 

22. Catalytic device (1) according to claim 21, characterised in 
20 that said fourth passage section (22) is the last outlet passage section 

surrounding die previous passage sections (3, 5, 1 1, 22). 

23. Catalytic device (1) according to any of claims 17 to 22, 
characterised in that said device comprises a container 

25 (c) including said inlet, said passage sections and said outlet. 

24. Catalytic device (1) according to any of claims 17 to 23, 
characterised in that at least one turning chamber (9) 
between two of said passage sections (3, 5) comprises a connection to the 

30 exhaust pipe section (28) controlled by at least one valve (26). 
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25. Catalytic device (1) according to claim 24, characterised in 
that each of said at least one valve (26) comprises a closing member (31) 
and temperature dependent connection means (29) connecting said closing 
member and an anchoring point (30). 

S 

26. Catalytic device (1) according to claim 25, characterised in 
that said temperature dependent connection means (29) is a spring made 
in bimetal or a similar temperature dependent material. 

10 27. Catalytic device (1) according to claim 25 or 26, characterised 

in that said temperature dependent connection means (29) partly or 
totally is positioned in the outlet pipe (8) such as the outlet passage sections 
(22), valve pipe section (27), exhaust pipe section (28) or the outlet pipe 
section (25). 

15 

28. Catalytic device (1) according to any of claims 20 to 23, 
characterised in that said outlet pipe (8) comprises a 
valve pipe section (27) including at least one valve, an outlet pipe section 
(25) connected to the outlet passage section (22), in which both pipe sections 

20 are connected to an exhaust pipe section (28), 

29. Catalytic device (1) according to any of claims 20 to 23, 

characterised in that said temperature dependent 

connection means (29) partly or totally is positioned in proximity of the 

25 connection between said pipe sections (25, 27) or in the exhaust pipe section 

(28). 



30. Catalytic device (1) according to any of claims 17 to 29, 
characterised in that said device includes temperature- 
30 measuring means (33, 36) measuring the temperature inside one or more of 

said passage sections, one or more turning chambers and/or said inlet. 
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31. Catalytic device (1) according to claim 30, characterised in 
that valve control means (34) controls the position of said at least one 
valve on the basis of temperature values from said temperature-measuring 

5 means (33, 36). 

32. Catalytic device (1) according to any of claims 17 to 31, 
characterised in that said catalytic device comprises 
three passage sections (3, 5, 1 1, 22). 

10 

33. Catalytic device (1) according to any of claims 17 to 32, 
characterised in that said one or more inlet passage 
sections (11) is positioned above, alongside or outside said main reaction 
passage section (3) e.g. by surrounding said section. 

15 

34. Catalytic device (1) according to any of claims 17 to 33, 
characterised in that said one or more outlet passage 
sections (22) is positioned above, alongside or outside said main reaction 
passage section (3) e.g. by surrounding said section. 

20 

35. Catalytic device (1) according to any of claims 17 to 34, 
characterised in that said main reaction passage section 
(3) is positioned above, alongside or outside said main heat transfer passage 
section (5) e.g. by surrounding said section. 

25 

36. Catalytic device (1) according to any of claims 17 to 35, 
characterised in that at least one of said at least three 
passage sections, such as said main heat transfer passage section (5) 5 
comprises one or more substantially parallel pipes. 

30 
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37. Catalytic device (1) according to claim 36, characterised in 
that said main heat transfer passage section (5) is integrated as a number 
of pipes in said main reaction passage section (3). 

5 38, Catalytic device (1) according to claim 36 or 37, characterised 

in that said number of pipes is between 20 and 5000 pipes and 
preferably between 50 and 1000 pipes. 

39. Catalytic device (1) according to any of claims 36 to 38, 
10 characterised in that said pipes form symmetrical 

patterns such as triangular, quadrangular or similar patterns or random 
patterns. 

40. Catalytic device (1) according to any of claims 36 to 39, 
15 characterised in that said pipes is surrounded by 

catalytic material (4) deposited on one or more carrier means (17-21). 

41. Catalytic device (1) according to any of claims 36 to 40, 
characterised in that said pipes comprise a circular, an 

20 oval, a triangular, a four-sided or any similar regular or irregular cross 

sectional shape. 

42. Catalytic device (I) according to any of claims 17 to 41, 
characterised in that at least one of said three passage 

25 sections, such as said main heat transfer passage section (5), comprises one or 

more lamellar plates. 

43. Catalytic device (1) according to claim 42, characterised in 
that said one or more lamellar plates form non-circular canals e-g. with a 

30 cross sectional shape formed by triangles, four sided shapes, combinations 

hereof or similar shapes. 
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44. Catalytic device (1) according to claim 42 or 43, characterised 
in that indentations in the surface of said one or more lamellar plates 
form longitudinal or diagonal patterns. 

5 

45. Catalytic device (1) according to any of claims 17 to 44, 
characterised in that said catalytic material (4) is 
deposited on one or more carrier means (17-21) in at least one of said at least 
three passage sections (3, 5, 11, 22). 

10 

46. Catalytic device (1) according to any of claims 17 to 45, 
characterised in that said one or more carrier means 
(17-21) are made to metal, ceramic, glass or other heat resistant materials as 
well as combinations of the mentioned materials. 

15 

47. Catalytic device (1) according to any of claims 17 to 46, 
characterised in that said one or more carrier means 
(18) include at least one shape such as spherical, cylindrical or quadrangular 
shapes as well as saddle, ring, regular or irregular shapes. 

20 

48. Catalytic device (1) according to any of claim 17 to 47, 
characterised in that said one or more carrier means 
(17-21) include a number of regular or irregular balls (18) in layers (L) across 
one of said passage sections, each layer being positioned perpendicularly 

25 between two adjacent pipes, and each of said layers comprising 2 to 6 balls, 

such as 2 to 4 and preferably between 2 and 3. 



30 



49. 



Catalytic device (1) according to any of claims 17 to 48, 
characterised in that said one or more carrier means 
(17-21) include monoliths (19, 21) or fibres (17, 20). 
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50. Catalytic device (I) according to claim 49, characterised in 
that said fibres (17, 20), deposit with said catalytic material form a 
tangled bundle of fibres partly or totally filling one or more of said passage 
sections. 

5 

51. Catalytic device (1) according to claim 49 or 50, c h a r a c t e r i s e d 
in t h a t said monoliths (19, 21) or fibres (17, 20), deposit with said 
catalytic material (4) form longitudinal monoliths or fibres inside one or more 
of said passage sections. 

10 

52. Catalytic device (1) according to any of claims 17 to 51, 
characterised in that said main reaction passage section 
(3) of said at least three passage sections (3, 5, 1 1, 22) comprises one or more 
kinds of said catalytic material (4) deposit on said carrier means (17-21). 

15 

53. Catalytic device (1) according to any of claims 17 to 52, 
characterised in that said one or more inlet and/or 
outlet passage sections (11, 22) of said at least three passage sections (3, 5, 
1 1, 22) comprises one or more kinds of said catalytic material (4) deposit on 

20 said carrier means (17-21). 

54. Catalytic device (1) according to any of claims 17 to 53, 
characterised in that one or more of said at least three 
passage sections comprise combined carrier means including wall flow filters 

25 (21), fibres (17, 20), balls (18) and/or monoliths (19) e.g. 1/3 passage section 

as wall flow filters and the rest of the section as fibres, balls or monoliths. 

55. Catalytic device (1) according to claim 54, characterised in 
that said combined carrier means are positioned in continuation of each 

- 30 other through one or more of said at least three passages. 
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56. Catalytic device (1) according to any of claims 17 to 55, 
characterised in that said catalytic material (4) includes 
metal or metal alloys from the Platinum metal group such as Platinum (Pt), 
Palladium (PI), Rhodium (Rh) or combinations hereof. 

5 

57. Catalytic device (1) according to any of claims 17 to 56, 
characterised in that said catalytic material (4) includes 
metal oxides such as Gold (Au), Platinum (Pt), Silver (Ag), Aluminium (Al), 
Lead (Pb), Zirconium (Zr), Copper (Cu), Cobalt (Co), Nickel (Ni), Iron (Fe), 

10 Cerium (Ce), Chrome (Cr), Tin (Sn), Manganese (Mn) and Rhodium (Rh) 

Oxides or combinations hereof 



58. Catalytic device (1) according to claim 56 or 57, characterised 
in that said catalytic material (4) includes combinations of metal or 
15 metal alloys from the Platinum metal group and metal oxides. 

59* Catalytic device (1) according to any of claims 17 to 58, 
characterised in that said main reaction passage section 
(3) heat exchanges with said main heat transfer passage section (5) of said at 
20 least three passage sections (3, 5, 1 1, 22). 

60. Catalytic device (1) according to claim 59, characterised in 
that said main reaction passage section (3) heat exchanges with said 
main heat transfer passage section (5) in counterflow. 

25 

61. Catalytic device (1) according to any of claims 17 to 60, 
characterised in that said main reaction passage section 
(3) heat exchanges with said one or more previous inlet and/or succeeding 
outlet passage sections (11, 22). 

30 
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62. Catalytic device (1) according to claim 61, characterised in 
that said main reaction passage section (3) heat exchanges with said one 
or more inlet passage sections (1 1) in counterflow, 

5 63, Catalytic device (I) according to claim 61, characterised in 

that said main reaction passage section (3) heat exchanges with said one 
or more outlet passage sections in concurrent flow. 

64. Catalytic device (1) according to any of claims 17 to 63 
10 characterised in that said device comprises at least one 

layer of insulation (12) between said at least three passage sections (3, 5, 11, 
22). 

65. Catalytic device (1) according to claim 64, characterised in 
15 that said at least one layer of insulation (12) is positioned between said 

main reaction passage section (3) and said one or more inlet passage sections 

(H). 

66. Catalytic device (1) according to any of claims 17 to 65, 
20 characterised in that the cross-sectional area of said 

main reaction passage section (3) is between 0,5 and 100 times, such as 
between 10 and 25 times, preferably about 20 times, the cross-sectional area 
of said main heat transfer passage section (5) and/or said inlet or outlet 
passage sections (11, 22) are between 0.5 and 100 times, the cross-sectional 
25 area of said main heat transfer passage section (5). 

67. Catalytic device (1) according to any of claims 17 to 66 
characterised in that the cross-sectional area of the main 
heat transfer passage section (5) is between 0.5 and 10 times, such as 1 ,5 to 

* 30 2.5 times, preferably about 2 times, the cross-sectional area of the inlet (2) of 



28. NOV. 2003 H:53 ADVOKATGRUPPEN/PATENTG RUPPEN 



HO. 2036 P. 52 B'D 



49 

the catalytic device, said inlet pipe (2) being the exhaust pipe for the 
connected internal combustion engine. 

68. Catalytic device (1) according to any of claims 17 to 67, 
5 characterised in that at least one of said passage 

sections (3. 5, 11, 22) comprises one or more wall flow filters (21) with 
numerous porous walls (16) allowing fluid quantity (15) to penetrate through 
the walls. 

10 69. Catalytic device (1) according to any of claims 17 to 68 

characterised in that farther combustion material is 
added to the device, e,g. through a feel line (S4) connected to the fuel tank 
and the feel supplying means (SI), or through adding further combustion 
material to the fluid quantity. 

15 

70- Catalytic device (1) for treatment of a fluid quantity including chemical 
reacting means such as combustible materials above a certain minimum 
quantity, said device comprising 

20 a container (c) including at least one inlet and outlet for said fluid quantity, 

characterised in that 

said container farther comprises at least three passage sections (3, 5, 11, 22) 
25 being mutually connected, 



where at least one section (3) of said passage sections (3, 5, 11, 22) includes 
catalytic material (4) of one or more kinds, and 
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where the positioning of said passage sections (3, 5, 1 1, 22) forms at least one 
internal heat exchanger (h) with mutual heat exchange between the sections 
(3,5,11,22). 

5 71. Catalytic device (1) according to claim 70, characterised in 

that said catalytic device comprises three passage sections (3, 5, II, 22). 

72. Catalytic device (1) according to claim 70 or 71, c h a r a c t e r i s e d 
in that said one or more inlet passage sections (1 1) is positioned 

10 above, alongside or outside said main reaction passage section (3) e.g. by 

surrounding said section. 

73. Catalytic device (1) according to any of claims 70 to 72, 
characterised in t h a t said one or more outlet passage 

15 sections (22) is positioned above, alongside or outside said main reaction 

passage section (3) e.g. by surrounding said section, 

74. Catalytic device (1) according to any of claims 70 to 73, 
characterised in that said main reaction passage section 

20 (3) is positioned above, alongside or outside said main heat transfer passage 

section (5) e.g. by surrounding said section, 

75. Catalytic device (1) according to any of claims 70 to 74, 
characterised in that at least one of said at least three 

25 passage sections, such as said main heat transfer passage section (5), 

comprises one or more substantially parallel pipes. 

76. Catalytic device (1) according to claim 75, characterised in 
that said main heat transfer passage section (5) is integrated as a number 

30 of pipes in said main reaction passage section (3). 
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77. Catalytic device (1) according to claim 75 or 76, c h a r a c t e r i s e d 
in that said number of pipes is between 20 and 5000 pipes and 
preferably between 50 and 1000 pipes. 

5 78. Catalytic device (1) according to any of claims 75 to 77, 

characterised in that said pipes form symmetrical 
patterns such as triangular, quadrangular or similar patterns or random 
patterns. 

10 79. Catalytic device (1) according to any of claims 75 to 78, 

characterised in that said pipes is surrounded by 
catalytic material (4) deposited on one or more carrier means (17-21). 

80. Catalytic device (1) according to any of claims 70 or 79, 
15 characterised in that said pipes comprise a circular, an 

oval, a triangular, a four-sided or any similar regular or irregular cross 
sectional shape* 

81. Catalytic device (1) according to any of claims 70 to 80, 
20 characterised in that at least one of said three passage 

sections, such as said main heat transfer passage section (5), comprises one or 
more lamellar plates. 

82. Catalytic device (1) according to claim 81, characterised in 
25 that said one or more lamellar plates form non-circular canals e.g. with a 

cross sectional shape formed by triangles, four sided shapes, combinations 
hereof or similar shapes. 

83. Catalytic device (I) according to claim 81 or 82, c h a r a c t e r i s e d 
30 in that indentations in the surface of said one or more lamellar plates 

form longitudinal or diagonal patterns. 
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84. Catalytic device (1) according to any of claims 70 to 83, 
characterised in that said catalytic material (4) is 
deposited on one or more earner means (17-21) in at least one of said at least 

5 three passage sections (3, 5, 1 1, 22). 

85. Catalytic device (1) according to any of claims 70 to 84, 
characterised in that said one or more carrier means 
(17-21) are made in metal, ceramic, glass or other heat resistant materials as 

10 well as combinations of the mentioned materials. 

86. Catalytic device (1) according to any of claims 70 to 85, 
characterised in that said one or more carrier means 
(18) include at least one shape such as spherical, cylindrical or quadrangular 

1 5 shapes as well as saddle, ring, regular or irregular shapes. 

87. Catalytic device (1) according to any of claim 70 to 86, 
characterised in that said one or more carrier means 
(17-21) include a number of regular or irregular balls (18) in layers (L) across 

20 one of said passage sections, each layer being positioned perpendicularly 

between two adjacent pipes, and each of said layers comprising 2 to 6 balls, 
such as 2 to 4 and preferably between 2 and 3. 

88 » Catalytic device (1) according to any of claims 70 to 87, 
25 characterised in that said one or more carrier means 

(17-21) include monoliths (19, 21) or fibres (17, 20). 

89. Catalytic device (1) according to claim 88, characterised in 
that said fibres (17, 20), deposit with said catalytic material form a 
- 30 tangled bundle of fibres partly or totally filling one or more of said passage 

sections. 
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90. Catalytic device (1) according to claim 88 or 89, characterised 
in that said monoliths (19, 21) or fibres (17, 20), deposit with said 
catalytic material (4) form longitudinal monoliths or fibres inside one or more 
5 of said passage sections. 

9L Catalytic device (1) according to any of claims 70 to 90, 
characterised in that saidmain reaction passage section 
(3) of said at least three passage sections (3, 5, U, 22) comprises one or more 
10 kinds of said catalytic material (4) deposit on said carrier means ( 1 7-21). 

92* Catalytic device (1) according to any of claims 70 to 91, 
characterised in that said one or more inlet and/or 
outlet passage sections (11, 22) of said at least three passage sections (3, 5, 
15 1 1, 22) comprises one or more kinds of said catalytic material (4) deposit on 

said carrier means (17-21). 

93. Catalytic device (1) according to any of claims 70 to 92, 
characterised in that one or more of said at least three 

20 passage sections comprise combined carrier means including wall flow filters 

(21), fibres (17, 20), balls (18) and/or monoliths (19) e.g. 1/3 passage section 
as wall flow filters and the rest of (he section as fibres, balls or monoliths. 

94. Catalytic device (1) according to claim 93, characterised in 
25 that said combined carrier means are positioned in continuation of each 

other through one or more of said at least three passages. 

95. Catalytic device (1) according to any of claims 70 to 94, 
characterised in that said catalytic material (4) includes 

" 30 metal or metal alloys from the Platinum metal group such as Platinum (Pt), 

Palladium (PI), Rhodium (Rh) or combinations hereof. 



28. NOV. 2003 16:54 



ADVOKAT6RUPPEN/PATENTGRUPPEN 



NO. 2036 P. 5? 



54 



96. Catalytic device (1) according to any of claims 70 to 95, 
characterised in that said catalytic material (4) includes 
metal oxides such as Gold (Au), Platinum (Pt), Silver (Ag), Aluminium (Al), 

5 Lead (Pb), Zirconium (Zr), Copper (Cu), Cobalt (Co), Nickel (Ni), Iron (Fe), 

Cerium (Ce), Chrome (Cr), Tin (Sn), Manganese (Mn) and Rhodium (Rh) 
Oxides or combinations hereof. 

97. Catalytic device (1) according to claim 95 or 96, c h a r a c t e r i s e d 
10 i n t h a t said catalytic material (4) includes combinations of metal or 

metal alloys fiom the Platinum metal group and metal oxides. 

98. Catalytic device (1) according to any of claims 70 to 97, 
characterised in that said main reaction passage section 

15 (3) heat exchanges with said main heat transfer passage section (5) of said at 

least three passage sections (3, 5, 11, 22). 

99. Catalytic device (1) according to claim 98, characterised in 
that said main reaction passage section (3) heat exchanges with said 

20 main heat transfer passage section (5) in counterflow. 

100. Catalytic device 0) according to any of claims 70 to 99, 
characterised in that said main reaction passage section 
(3) heat exchanges with said one or more previous inlet and/or succeeding 

25 outlet passage sections (11, 22). 

10L Catalytic device (1) according to claim 100, characterised in 
that said main reaction passage section (3) heat exchanges with said one 
or more inlet passage sections (1 1) in counterflow. 

' 30 
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102. Catalytic device (1) according to claim 100, characterised in 
that said main reaction passage section (3) heat exchanges with said one 
or more outlet passage sections in concurrent flow. 

5 103. Catalytic device (1) according to any of claims 70 to 102 

characterised in that said device comprises at least one 
layer of insulation (12) between said at least three passage sections (3, 5, 11, 
22). 

10 104. Catalytic device (1) according to claim 103, characterised in 

that said at least one layer of insulation (12) is positioned between said 
main reaction passage section (3) and said one or more inlet passage sections 
(11). 

15 105. Catalytic device (1) according to any of claims 70 to 104, 

characterised in that the cross-sectional area of said 
main reaction passage section (3) is between 0,5 and 100 times, such as 
between 10 and 25 times, preferably about 20 times, the cross-sectional area 
of said main heat transfer passage section (5) and/or said inlet or outlet 

20 passage sections (11* 22) are between 0.5 and 100 times, the cross-sectional 

area of said main heat transfer passage section (5). 

106. Catalytic device (1) according to any of claims 70 to 105 
characterised in that the cross-sectional area of the main 
25 heat transfer passage section (5) is between 0.5 and 10 times, such as L5 to 

2-5 times, preferably about 2 times, the cross-sectional area of the inlet (2) of 
the catalytic device, said inlet pipe (2) being the exhaust pipe for the 
connected internal combustion engine. 



30 
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Catalytic device (1) according to any of claims 70 to 106, 
characterised in that at least one of said passage 
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sections (3> 5, 11, 22) comprises one or more wall flow filters (21) with 
numerous porous walls (16) allowing fluid quantity (15) to penetrate through 
the walls. 



5 108. Catalytic device (1) according to any of claims 70 to 107 

characterised in that further combustion material is 
added to the device, e.g. through a fuel line (S4) connected to the fuel tank 
and the fuel supplying means (SI), or through adding further combustion 
material to the fluid quantity, 

10 

109. Use of a method for treatment of a fluid quantity comprising chemical 
reacting means such as combustible materials above a certain minimum 
quantity in a catalytic device according to any of claims 1 to 4 for cleaning 
exhaust gas from internal combustion engines. 

IS 

110. Use of a method for treatment of a fluid quantity comprising chemical 
reacting means such as combustible materials above a certain minimum 
quantity in a catalytic device according to any of claims 1 to 16 for 
temperature regulation or control in connection with any exothermal or 

20 endo thermal chemical reaction in an industrial chemical application* 



111. Use of a method for treatment of a fluid quantity comprising chemical 
reacting means such as combustible materials above a certain minimum 
quantity in a catalytic device according to any of claims 1 to 16 for 
25 temperature regulation or control in or in connection with fuel cells. 



1 12, Use of a catalytic device according to any of claims 17 to 108 in connection 
with combustion engines in vehicles such as engines fuelled by petrol, diesel, 
natural gas, bottled gas or any similar fuels, 

30 
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1 13, Use of a catalytic device according to any of claims 17 to 108 in connection 
with stationary combustion engines such as engines fuelled by petrol, diesel, 
natural gas, bottled gas or any similar fuels such as in power plants e.g. 
combined heat and power plants. 

5 

114. Use of a catalytic device according to any of claims 17 to 108 in connection 
with any exothermal or endothermal chemical reaction in an industrial 
chemical application. 

10 115. Use of a catalytic device according to any of claims 17 to 108 in temperature 

regulation or control in or in connection with fuel cells. 
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Abstract 

The invention relates to a catalytic device with internal heat exchange that among 
other things can he used for vehicles with an internal combustion engine or for 
5 stationary engines where there is a certain amount of unbumed gas components in 
the exhaust that can be converted in the catalyst 

By the invention it is obtained that the maximum temperature in the catalyst is 
always nearly constant whatever the inlet temperature. Hereby, the catalyst can be 
10 designed to work at a very specific temperature, by which it is possible, partly to 
ensure a better and safer burnout of the unbumed components, and partly to save 
expenses for catalyst materials. 

The exhaust gas is guided through the catalyst (1) by at least three passage sections 
15 that have a mutual internal heat exchange. In the main reaction passage section (3) 
there are catalytic materials (4) of one or several kinds, in which the gas can react, 
and in which the gases heat exchange with the succeeding main heat transfer passage 
section passage (5). 

20 The specific design makes the heat exchanger more efficient the slower the chemical 
reactions in the catalyst are, and vice versa* Therefore, the catalytic device will, by 
itself, set itself for the right temperature so that all reactions precisely can be 
completed in the catalytic device. 



28. NOV. 2003 16:55 AD VOK ATG RU P P E N/P ATENT6 RU P P EN NO. 2036 P. 62 D'D 

Modtaget 
2 8 NOV. 2003 

1 / 24 PVS 



Fuel supplying 
means 



S1 



Combustion 
enqine means 




Catalytic device + 
internal heat exchange 



S3 



Fig. 1 



28. MOV. 2003 16:55 ADVOKATBRUf PEB/PATENT6RUPPEN NO. 2036 P. 63 D'D 



2/24 



Modtaget 
2 8 NOV. 2003 
PVS 




Fig. 2 



28. NOV. 2003 16:56 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 64 D'D 

Modtaget 
2 8 MOV. 2003 

3/24 pvs 




Fig. 3 



28. NOV. 2003 16:56 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 65 U*D 

Modtaget 
1 8 MOV. 2003 

4/24 PVS 




Fig. 4 



28. NOV. 2003 16:56 



ADVOKATGRUPPEN/PATENTGRUPPEN 



NO. 2036 P. 66 



5/24 



Modtaget 
2 8 NOV, 2003 
PVS 



13 





I rV / /////// /\ 

<~v /////////* 

rr y //////// » 



c;/////// Z Z 2 ; 

^/ //////// A 



23 24 





28. NOV. 2003 16: 56 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 67 O'D 

Modtaget 
2 8 NOV. 2003 

6 /24 pvs 




X [meters] 



Fig. 6a 




28. NOV. 2003 \6 : 57 



A0VOKATGRUP P EN/PAT ENT6 RU PP EfJ 



7/24 



NO. 2036 P. 68 Q"Q 
Modtaget 
2 8 NOV. 2003 
PVS 



11 A 



B-B 



j& J " ^ i 

/A 



/ 



/ 
/ 



/ 



s. / 



"5 T 



T~ — r 



I - 



/ 



/ 



/ 



s ^ ^ 



/ 



/ 



/ 



/ 



u 



/ 



/ 



/ 



/ 



/ 



Fig. 7a 



/ 



11 B 



11 



A-A 





8 



6 



V 




Fig. 7b 



B 



2$. NOV. 2003 16:57 ADVOKAT6RUPPEN/PATENTGRUPPEN NO. 2036 P. 69 Q"D 

Modtaget 

2 8 MOV. 2003 



8/24 



PVS 




28. NOV. 2003 H:57 



A0VOKAT6RUPPEN/PATENTQRUPPEN 



9/24 



NO. 2036 P. 70 D'Q' 
Modtaget 
2 8 NOV. 2003 
PVS 





Fig. 9 



28. NOV. 2003 H:57 



ADYOKATGRUPPEN/PATENTGRUPPEN 



10/24 



NO. 2036 P. 71 
Modtaget 

2 8 NOV. 2003 

PVS 




Fig. 10 



28 NOV 2003 16: 57 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 72 D* 

Modtaget 

2 8 NOV. 2003 




ADV0KAT6RUP P EN/PAT ENTG RUPP EN NO. 2036 P. 73 Q'D" 

Modtaget 
2 8 NOV. 2003 

12/24 pvs 




Fig. 12 



28. NOV, 2003 16:57 



A0VOKATGRUPPEN/PATENTGRUPPEN 



13/24 



NO. 2036 P. 74 
Modtaget 

2 8 NOV. 2003 
PVS 




Fig. 13 



28. NOV. 2003 16:58 ADVOKAT6RUPPEM/P ATENTGRUPPEN NO. 2036 P. 75 ' D"D' 

Modtaget 



14/24 



2 8 NOV. 2003 
PVS 




Fig. 14 



12 



n. NOV. 2003 16:58 ADVOKATGRUP PEN/PATENTGRUPPEN "NO. 2036 P. 76 W 

Modtaget 
2 8 NOV. 2003 

15/24 PVS 




Fig, 15 



28. NOV. 2003 16:58 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 77 >0" 

Mocftaget 

2 8 NOV. 20Q3 
PVS 

16/24 



Fuel supplying 
means 



Combustion 
means 




Catalytic device + 
internal heat exchange 



S4 



Fig. 16 



28. NOV. 2003 16:50 ADVOKATGRUPPEN/PATENTGRUPPEN 



17/24 



START 



at/ 





< 




Establish Temperature 
or Temperature difference 







T^p^^Nv No 



above threshold 
.value? 



Open the valve and 
direct the exhaust gas 
to the outlet 



S3 



a4J 



Distribute the exhaust 
gas through the catalytic 
device 







Stop 



Fig. 17 



28. NOV. 2003 16:58 



ADVOKATGRUPPEN/PATENTGRUPPEN 



18/24 



NO. 2036 P. 79 0*0" 

Modtaget 

2 8 NOV. 2003 
PVS 



13 



7 






at W J**..,* 

£: ware.' 
:*;Cc5:«: 



.••.«)"«! 



368. 



is 3..-;; 



VVMl' 

iKXK 
:::x« 

SB 

t«KM 




> 

-;;<>:?< 

SB 



>.■.■>■ ... - 

.v* 



■ex::* 



«},«»■* .-V* 



♦ t t I 




MM 





F/g. 78 



28. NOV, 2003 \U 58 ADVOKATGRUPPEN/PATENTGRUPPEN MO. 2036 P. 80' O'O' 

Modtaget 
2 8 NOV. 2003 

19/24 pvs 




Fig. 19 



28 NOV. 200316:59 ADVOKATGRUPPEN/PATENTGRUPPEN MO. 2036 P. 81 D"B 

Modtaget 

2 8 NOV, 2003 
PVS 

20/24 




28. NOV. 2003 16:59 



ADVOKATGRUPPEN/PATENTGRUPPEN 



21/24 



M0 - 2036 P-M^tage? 0 

2 8 my. 2003 

PVS 




Fig. 21 



28. WOV. 2003 16.59 



ADVOKATGRUPPEH/PATEIITGSUPPEN 



22 /24 



Na 2436 '-ilU* 



2 8 NOV. 2003 
PVS 




\ 



/ 
\ 




A 





o 



\ 
\ 

\ 

\ 



\ 



s 




\ 



\ 









s 






N 




\ 


\ 




\ 


\ 
\ 




\ 
\ 


\ 
\ 




\ 




\ 


\ 










\ 


\ 




\ 




1 


\J 




i A 


\J 








\ 


\ 


// 


// 






\ 


\ 


\ 


\ 


\ 


\ 


\ 

"J 


\ 

"J 


v. 








Fig. 22 



28. NOV. 2003 16:59 



ADVOKATGRUPPEN/PATENTGRUPPEN 



23/24 



NO. 2036 ' P. 84 B'B" 
Modtaget 

2 8 NOV, 2003 
PVS 



Temperature 
measuring means 





Fig. 23 



n. NOV. 2003 16:59 ADVOKATGRUPPEN/PATENTGRUPPEN NO. 2036 P. 85 0" 

Modtaget 

2 8 NOV. 2003 
PVS 

24/24 




m 
t 



Fig. 24 



